I. INTRODUCTION
Recently, nanosized luminescent materials have attracted intensive attention due to the high surface-to-volume ratio and the quantum confinement effect. The reduction in particle size in a crystalline system can result in remarkable modifications in some of their bulk properties. Therefore, nanosized luminescent materials, i.e., rare-earth ͑RE͒-doped oxides and quantum dots, can exhibit novel physical properties, such as higher luminescent efficiency and better resolution of images in lighting and display.
1-3 Moreover, REdoped oxides possess unique luminescent characteristics deriving from the RE dopants and are very stable in high vacuum. Hence, they have diverse potential applications in nanomaterial-based electronics, photonics, displays, and advanced bioanalyses.
1,4-8 Because yttrium oxide ͑Y 2 O 3 ͒ has the same crystal structure and nearly the same lattice constants with most RE oxides ͑RE 2 O 3 ͒, it has received considerable attention as a host material for trivalent RE ions. This similarity in crystal structure allows the incorporation of high concentration of RE ions in Y 2 O 3 , compared to that in silicon dioxide. Particularly, numerous studies have been carried out on the 4f 11 Er 3+ ion, which exhibits the standard telecommunication wavelength emission at 1.54 m.
9
Most of the previous work on RE-doped oxide nanostructures focused on the materials synthesis, morphological and crystal structural characterization, and upconversion mechanism investigation of nanoparticles, nanorods, nanotubes ͑NTs͒, and nanowires. [10] [11] [12] [13] [14] [15] These nanostructures were synthesized by various procedures, such as the solutionbased sol-gel process, gel combustion synthesis, emulsion technique, coprecipitation process, hydrothermal process, template method, electrochemical process, or their combinations. [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] Overall, the optical properties of individual nanosized luminescent emitters have received much attention, mainly on elemental, II-VI, and III-V semiconductors. [34] [35] [36] [37] [38] These low-dimensional systems show interesting fundamental properties and have exciting prospects in nanotechnologyenabled optical and electronic applications. 34 NTs were performed with a 488 nm argon ion laser and a 532 nm frequency doubled diode pumped Nd:yttrium aluminum garnet laser, respectively, both operated with liquid nitrogen cooled InGaAs detectors. For micro-PL measurements, due to the stage and image drift during heating and cooling of the sample stage, it was not possible to track an individual NT and take the measurements at two very different temperatures. While every effort was made to locate a single NT once the stage reached a given temperature, it was not always possible. In this work, an individual NT refers to a single NT or a single NT seemingly clumped/ overlapped with no more than one or two much smaller/ shorter NTs. To prepare samples for SEM, CL, and PL measurements, powders of Er 3+ :Y 2 O 3 NTs were added into ethanol, and the mixtures were subsequently sonicated for about 1 min and later air-dried upon deposition onto silicon wafers.
III. RESULTS AND DISCUSSION
A. SEM and X-ray Diffraction "XRD… Figure 1͑a͒ shows a typical SEM image of Er 3+ :Y 2 O 3 NTs with 5% doping level. The as-prepared NTs are measured to be a few micrometers long and 100-400 nm in outer diameter. As previously reported, the basic 1D topological morphology of the initial Er 3+ :Y͑OH͒ 3 NTs was found to be preserved after a moderate high-temperature annealing process to form Stark splitting and result in a homogeneous spectral broadening. 42 These results also indicate that no annealing at temperatures higher than 500°C is needed to optically activate the erbium ions in these Er 3+ :Y 2 O 3 NTs. In addition, the integrated intensities between 1420 and 1630 nm from PL spectra taken under laser pump powers from 30 mW to 1.5 W ͓Fig. 3͑a͔͒ are plotted in Fig. 3͑b͒ for these Er 3+ :Y 2 O 3 NTs. The PL intensity increases with the increasing excitation power, but the peaks exhibit no shift ͓Fig. 3͑a͔͒. The increase in PL intensity is almost linear as the pump power increases up to about 1.0 W ͓Fig. 3͑b͔͒. As the pump power increases above 1.0 W, the PL intensity starts to saturate, which represents the onset of a complete excitation. Another notable feature is that a sufficient fraction of Er 3+ ions are excitable at a pump power as low as 30 mW, as seen from the measurable PL intensity.
We also investigated the temperature-dependent PL quenching of Er 3+ :Y 2 O 3 NTs from 80 to 300 K ͓Figs. 3͑c͒ and 3͑d͔͒. It was reported that the thermal quenching is a major limiting factor for achieving high room-temperature PL yield in Er-doped Si-based materials, [43] [44] [45] with a reduction in PL intensity by at least two orders of magnitude from 200 to 300 K. Our Er 3+ :Y 2 O 3 NTs show relatively constant PL intensity with the characteristic Er 3+ intra-4f transition from 80 to 300 K ͓Fig. 3͑c͔͒. This lack of thermal quenching is similar to that observed in 50-90 nm Er 3+ :Y 2 O 3 thin films synthesized by a low temperature radical-enhanced atomic layer deposition process. 5 This is attributed to the large band gap of Y 2 O 3 ͑ϳ5.6 eV͒, which inhibits Auger quenching and energy back-transfer processes, which are found to dominate in Si-based materials. 46 Also, these Er 3+ :Y 2 O 3 NTs do not show any broad luminescent background band, which is characteristic for defect-mediated radiative transitions. [43] [44] [45] 
D. PL of individual NTs
The PL properties of individual Er 3+ :Y 2 O 3 NTs were investigated by using a 532 nm laser source, while the corresponding morphological images were simultaneously acquired using an optical microscope. Figure 4 shows the characteristic 4 Fig. 4 is a microscopic image of an individual NT, corresponding to the spectrum taken at 8 K. Qualitatively, the spectral line shape and details observed in these individual NTs are very similar to those observed in ensemble NTs by the macro-PL method ͓Fig. 2͑d͒ versus Fig.  4͔ 
IV. CONCLUSIONS
In summary, the luminescent properties, including cathodoluminescence and both pump-power-and temperaturedependent NTs are also highly photoluminescent with remarkably sharp and wellresolved peaks at around 870, 980, and 1535 nm. These NTs show strong pump-power-dependence and, measurable PL intensities with pump power of as low as 30 mW and minor temperature-dependence. Individual NTs also present characteristic luminescent emissions in the NIR region. These results indicate that these materials are promising for applications in display, bioanalysis, and telecommunication.
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